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Motivation
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Photodiodes are excellent detectors – quick and easy to use
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But….
Limited by loss mechanisms

edmundoptics.com
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Gain

The high measurement accuracy of the primary standards is lost
down the traceability chain
Primary standards for
optical power:

0.02 %

Cryogenic Radiometer

0.1 %

Source: npl.co.uk

Silicon trap detectors
used for transfer of
traceability

Thermal
detection

Photodiode in
application

PQED (Predictable Quantum
Efficient Detector)
hamamatsu.com

Source: fitecom.com

Photoelectric
detection

<0.05 % ??

Why not place a thermal reference directly onto the photodiode?
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The dual-mode detector
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The dual-mode detector – a photodiode with a built-in
thermal reference
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2014:

2018:

M White et al 2014
Metrologia 51 S245

M U Nordsveen,
PhD thesis

2019-2022:
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Thermal packaging
by University of
South-Eastern
Norway

Copper trap
structure
by Metrosert

Photodiodes by
SINTEF
Trap structure
for minimised reflection loss
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The internal losses of the dual-mode detector can be determined
by three independent methods
Dual-mode
Detector
Photoelectric +
thermal detection

𝛿𝛿 𝜆𝜆
2. Static simulations

𝛿𝛿 𝜆𝜆

𝛿𝛿 𝜆𝜆

Works with all types of photodiodes,
also UV and IR

3. Time independent simulations
- The IV method
IV curve
Drift detection

Limited to induced junction Si photodiodes

Current 1 −

𝐼𝐼(𝑉𝑉)
𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚

- Based on material parameters
from fabrication

1. Built-in thermal reference
𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ℎ𝑐𝑐
𝛿𝛿 𝜆𝜆 = 1 −
Φ 𝑒𝑒𝑒𝑒
Broad dynamic range
Broad spectral range

𝛿𝛿(𝜆𝜆)
Voltage 𝑉𝑉
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The internal losses of the dual-mode detector can be determined
by three independent methods
Dual-mode
Detector

𝛿𝛿 𝜆𝜆

Photoelectric +
thermal detection

𝛿𝛿 𝜆𝜆
2. Static simulations

𝛿𝛿 𝜆𝜆

- Based on material parameters
from fabrication

1. Built-in thermal reference
𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ℎ𝑐𝑐
𝛿𝛿 𝜆𝜆 = 1 −
Φ 𝑒𝑒𝑒𝑒
Broad dynamic range
Broad spectral range
Works with all types of photodiodes,
also UV and IR

3. Time independent simulations
- The IV method
Drift detection
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Measurements
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Dual-mode measurement:
1. Photocurrent measurement
2. Electrical substitution
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Internal losses: 𝛿𝛿 𝜆𝜆 = 1 −

CALCON 2021 - mas@justervesenet.no
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𝑉𝑉 −
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𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

Dual-mode measurement:
1. Photocurrent measurement → 𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
2. Electrical substitution

A

Internal losses: 𝛿𝛿 𝜆𝜆 = 1 −
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𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ℎ𝑐𝑐
Φ

𝑒𝑒𝑒𝑒

Electrical heating
by forward biasing

𝑉𝑉 +
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𝐼𝐼

Dual-mode measurement:
1. Photocurrent measurement → 𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
2. Electrical substitution
→ Φ

A

Internal losses: 𝛿𝛿 𝜆𝜆 = 1 −
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𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ℎ𝑐𝑐
Φ

𝑒𝑒𝑒𝑒

Optical heating

𝑉𝑉 +
Method 1:
Open circuit

Can use
closed loop
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𝐼𝐼

Dual-mode measurement:
1. Photocurrent measurement → 𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
2. Electrical substitution
→ Φ

A

Method 2:
Simultaneous optical
and electrical heating

Internal losses: 𝛿𝛿 𝜆𝜆 = 1 −
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𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ℎ𝑐𝑐
Φ

𝑒𝑒𝑒𝑒

In electrical substitution, two methods can be used in the optical
heating step – with or without additional electrical heating
Noise level: 200 nW
Type A (k=2) at 1250 µW:

0.016 %

Project goal:

0.05 %

Method 1:
Open circuit
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Method 1

Method 2:
Simultaneous optical
and electrical heating

488 nm

Method 2

Internal losses: 𝛿𝛿 𝜆𝜆 = 1 −
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𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ℎ𝑐𝑐
Φ

𝑒𝑒𝑒𝑒

Thermal equivalence varies with vertical beam spot alignment
Heat transfer simulation

1250 µW
488 nm

Internal losses: 𝛿𝛿 𝜆𝜆 = 1 −

𝑖𝑖𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ℎ𝑐𝑐
Φ

Experimental 𝛿𝛿

Simulated
equivalence

Displacement y / mm
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𝑒𝑒𝑒𝑒

≈ 0.05 %

Non-equivalence / %

El.

Opt.

Δ𝑇𝑇 (mK)
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Good agreement between simulated and experimental time
constant

Simulated time
constant

High 𝜏𝜏
Low 𝜏𝜏
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Experimantal time
constant

Summary
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In summary: The self-calibrating dual-mode detector
completely eliminates the traceability chain
Combines thermal and photoelectrical
detection in one device
Three independent methods
+ direct link to SI
Thermal detection with 200 nW noise level in room temperature
Questions or feedback: mas@justervesenet.no

